(19) 



J 



EuropSlsches Pat ntamt 
European Pat nt Off! o 
Office europe n des br veto 



(11) 



■III 

EP 0 531 926 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of tlie grant of the patent: 
16.12.1998 Bulletin 1998/51 

(21) Application number: 92115321.9 

(22) Date of filing: 08.09.1992 



(51) lntci.6: G02B 5/18, G02B 27/46, 
H04N 5/225 



(54) Wavelength-selective phasegrating optical low-pass filter 

Wellenlangenselektives Phasengitter als optischer Tiefpassfilter 

RItre optlque passe-bas utilisant un rdseau de phase s^lectif en longueur d'onde 



QQ 

CD 
CM 

a> 



CO 

o 

CL 
LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 10.09.1991 JP 230156/91 

(43) Date of publication of application: 
17.03.1993 Bulletin 1993/11 

(73) Proprietor: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka-f u, 571 (JP) 

(72) Inventors: 

• Okayama, HiroakI 

Hirakata-shi, Osaka (JP) 



« One, Shusuke 
Takatsukl-shI, Osaka (JP) 

(74) Representative: ElsenfOhr, Spelser & Partner 
Martin istrasse 24 
28195 Bremen (DE) 



(56) References cited: 
EP-A- 0 186 166 
US-A-3 911 479 



EP-A- 0 454 409 
US-A- 4 998 801 



• APPLIED OPTICS, vol. 27, no. 13, 1 July 1988, 
NEW YORK US pages 2781 - 2785 GERRITSEN 
ET AL Transmission Diffraction Gratings 
Composed of One Material with Anomalous 
Dispersion in the Visible Region' 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be tiled in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 531 926 B1 



Descrlpti n 

BACKGROUND OF THE INVENTION 
Field of the Inv ntlon 

The present invention relates to an optical low-pass filter for use in an optical system such as a single-tube color 
video camera or a color video camera employing a solid-state image sensor having a color separation filter 

Description of the Prior Art 

Generally in a video camera or the (ike employing a solid-state image pickup element, a subject image focused 
on the image pickup element is spatially and discontinuously sampled to obtain output image data. In the above case, 
when the optical data of the subject has spatial frequency components which are higher than the spatial saimpiing 
frequency of the image pickup element, the output image data generated from the solid-state image pickup element 
contains data of a configuration or phantom data which is not included in the subject data. 

In other words, such frequency components higher than the Nyquist frequency which cannot be picked up by the 
solid-state image pickup element are output in the form of phantom data such as aliasing components, Moire, and 
phantom color. 

For the above reason, in an image pickup system, there has been employed a conventional practice of limiting 
such high spatial frequency components of a subject to be input to the solid-state image pickup element by arranging 
an optical low-pass filter in the image pickup system. For the above-mentioned purpose, the optical low-pass filter has 
been made utilizing a crystal plate having a birefringence characteristic or recently utilizing a phase grating. However, 
any conventional optical low-pass fitter has been intended for obtaining a low-pass effect generally equal at every 
wavelength in the entire components. 

Considering the case that the entire transmission wavelength band of a color separation filter used in a recent 
single plate type image pickup system is separated regarding to every wavelength band of three color components 
(primaries) of R, G, and B, the following technique attempt has been put into practice taking advantage of the fact that 
the spatial distribution density, i.e.. the spatial frequency of each color separation filter is different at every transmission 
wavelength band. The technique is that a wavelength band having a distribution of higher spatial frequencies is sub- 
jected to sampling at a relatively higher sampling frequency and a wavelength band having a distribution of lower 
spatial frequencies is subjected to sampling at a relatively lower sampling frequency to obtain appropriate image data. 

In order to satisfy the above-mentioned requirements, the optical low-pass fitter employed in the optical system is 
required to have different cutoff frequency characteristics in respect of different wavelength bands. A basic structure 
for attaining the above-mentioned purpose has been described in the Japanese Patent LaidOpen Publicatk^n No. JP- 
A-4-9915. In this conventional wavelength-selective phase-grating optical low-pass fitter, a phase difference is con- 
structed in a form of a triangular wave form at a boundary face between two materials which have different refractive 
index distributions and an identical refractive index at an intended wavelength. In recent years, however, since the size 
of the image pickup element is attempted to be miniaturized, therefore the cutoff spatial frequency becomes higher In 
the conventional structure having a phase difference of a triangular wave form, when in attempt of obtaining a low- 
pass effect at a higher spatial frequency, it was found as the result of the analysis that there is no solution having an 
appropriate format. According to the study of the analysis of the phase difference form, it was found necessary that 
the materials to be used therefor should satisfy a specific condition in constructing the improved optical low-pass filter. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to provide a condition for designing an optical low-pass filter 
having different cutoff frequencies at different wavelength bands while assuring an excellent frequency characteristic. 

The basic theory of the present invention is to construct a wavelength-selective phase-grating optical low-pass 
filter by providing a phase difference structure at a boundary face between at least two materials which have different 
refractive index distributions and an identical refractive index at an intended wavelength. 

In contrast to the fact that the conventional wavelength-selective phase-grating fitter described in the Japanese 
Patent Laid-Open Publication No. Hei-2-11 3302 has a triangular wave form at the phase difference section as a basic 
construction, while the present invention adopts a trapezoid form at the phase difference section of the phase grating 
in order to achieve the above-mentioned object. By constructing the trapezoid form so that it satisfies the following 
conditions for optimization, an excellent MTF (f^odulation Transfer Function) characteristic can be achieved. The con- 
ditions are as follows: / 
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0.1 < a/A <0.9 

0.1 <b/A <0.9 



1 AfXRd o 4fXRd 

[Equation 1] , . n < ( mB) < 



1 mBd '/VB' 4fXetf 
TO 2" A A 



where "a" represents the width of the top flat portion of the trapezoid, "b" represents the width of the bottom flat portion 
of the trapezoid, "h" represents the height of the phase difference section, T represents the spatial cutoff frequency, 
"A" represents a pitch of the phase grating, "Xd" represents the reference wavelength at which the refractive index is 

IS identical between the two layers, "d" represents the distance between the phase grating filter and the image surface, 
"X.R" represents a center wavelength of the red wavelength band, 'XB' represents a center wavelength of the blue 
wavelength band. "NR" represents the refractive index difference between the layer on the subject side and the layer 
on the image surface side at the center wavelength XR, and "NB* represents the refractive index difference between 
the layer on the subject side and the layer on the image surface side at the center wavelength XB. 

20 As described above, according to the present invention, by providing an optical system as defined in Claim 1 

comprising a phase-grating optical low-pass filter composed of a plurality of phase gratings which have, at a specific 
(reference) wavelength, an identical refractive index and different refractive index distributions in an image pickup 
system of such as a video camera employing a solid-state image pickup element, there can be obtained a wavelength- 
setective phase-grating optical low-pass filter capable of adjusting the cutoff characteristic and improving the charac- 

25 teristic in the low-frequency region of the spatial frequency 

Furthermore, by employing a wavelength-selective phase-grating optical low-pass filter of the present invention in 
the optical system and setting the cutoff frequency of G color component to be higher than those of R and B color 
components, an image pickup system having an appropriate resolution can be constructed. 

According to the feature of the present invention, since the boundary surface of the phase difference portion in 

30 the phase grating filter have a trapezoid form, there can be obtained an MTF characteristic of the filter more excellent 
than that of a conventional wavelength-selective phase-grating filter which has a rectangular waveform at a phase 
difference portion. 

Moreover, by adopting the construction of the present invention, the structure of the phase grating for generating 
a phase difference can be made to have a degree of freedom while achieving a desired appropriate MTF characteristic. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 



These and other objects and features of the present invention will become apparent from the following description 
taken in conjunction with the preferred embodiment thereof with reference to the accompanying drawings, in which: 

40 

Fig. 1 is a schematic view showing an exemplified arrangement of an optical system employing a wavelength- 
selective phase-grating optical low-pass filter in accordance with the present invention; 

Fig. 2 is a schematic view of the wavelength-selective phase-grating optical low-pass filter of the present invention; 
Fig. 3 is a sectional view of a phase difference portion of Fig, 2; 
45 Fig. 4 is a graph for obtaining an optimum condition in the present embodiment; 

Fig. 5 is a graph of MTF characteristic curves at each wavelength band of the wavelength -selective phase-grating 
optical low-pass filter of the present invention; 

Fig. 6 is a schematic view of a modified example having a wavelength-selective phase-grating optical filter con- 
structed of three layers where the middle layer has its both surfaces serving as boundary surfaces having a phase 
50 difference arrangement; and 

Fig. 7 is a schematic view showing an exemplified optical system having an improved horizontal resolution. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Fig. 1 shows an exemplified arrangement of an optical system employing a wavelength -selective phase-grating 
optical low-pass filter in accordance with the present invention. 

Referring to Fig. 1, designated by reference numeral 1 is a subject, numeral 2 is a lens system, numeral 3 is a 
wavelength-selective phase-grating optical low-pass filter which is disposed between the lens system 2 and a color 
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separation filter 4. The optical low-pass filter 3 has different diffraction characteristics In different wavelength bands. 
Reference numeral 5 denotes an image surface locat d on an image pickup element 6 on which an image of the subject 
1 is formed through the lens system 2. It is noted that the position of the wavelength-selective phase-grating optical 
low-pass filter 3 is not limit d to th position of the pres nt embodiment and the wavelength -selective phase-grating 

5 optical low-pass filter 3 may be disposed in the lens system 2 or in front of the lens system 2 to provide the same effect 
so long as the filter is disposed between the subject 1 and the image surface 5. 

In the arrangement shown in Fig, 1, the image of the subject 1 is focused on the image surface 5 of the image 
pickup element 6 by means of the lens system 2, while the light data of the subject 1 is color-separated with respect 
to the primary colors through the color separation filter 4 and filtered through the wavelength-selective phase-grating 

10 optical low-pass filter 3. Thus, the image of the subject 1 has different spatial frequency transmission characteristics 
at each different wavelength band by the operation of the phase-grating optical low-pass filter 3 having different dif- 
fraction characteristics at different wavelength bands when being focused on the image pickup element 6. In the above 
case, however, the frequency characteristic of the phase-grating optical low-pass filter 3 has no cutoff frequency with 
respect to the green wavelength band to allow the green color component to pass therethrough only with the phase- 
grating optical low-pass fitter 3 of the present invention. Therefore, it is necessary to concurrently use another optical 
low-pass filter or to provide a low-pass filter having a green color component cutoff characteristic on the phase-grating 
optical filter of the present invention. 

Referring to Fig. 2 which shows a structure of a phase-grating, reference numeral 7 indicates a first layer k>cated 
in the side of the subject, numeral 8 indicates a second layer located in the side of the image surface, and numeral 9 

20 indicates a boundary surface between the first layer 7 and the second layer 8 having.a phase difference waveform for 
generating a phase difference. In constructing the present wave length selective phase-grating optical low-pass filler, 
it can be selected to use an adhesive, resin, or the like material as a filter at the boundary surface 9 between two 
adjoining layers 7 and 8. 

Fig. 3 shows the section form of the phase-grating boundary surface of the phase difference portion for generating 
25 a phase difference, where reference numeral 10 indicates a top flat portion having its width of "a", numeral 11 Indicates 
a bottom flat portion having its width of "b", and "h" represents the height of the phase difference section, represents 
the thickness of the phase grating, and numeral 12 indicates a cycle A of the phase difference portion. In this embod- 
iment, the size of the phase-grating is designed in such a manner that "a' = "b" are set to approximately 250iim, "A" 
is set to approximately lOOOjim, and "h" is set to approxinnately 97^im. Any value off "D" can be selected so long as "D* 
30 is sufficiently larger than "h". It is noted that "a", "b", "h" and "A" are not limited to these values and any appropriate 
values are available. 

When these values of the parts satisfy Equations 2, 3, and 4 as follows, the optimum condition for designing an 
optical low-pass filter having different cutoff frequencies at different wavelength bands can be obtained while assuring 
an excellent frequency characteristic; 

35 

[Equation 2] '^—A^^Mf - ' ^ 



1 4fXBd ^NB' ^ AfKBd 



40 



2 



[Equations] ^^<|<^^ 



[Equation 4] O < tI W 

The following describes the procedure for obtaining the Equations 2, 3 and 4 as the optimum condition of the 
so phase-grating optical low-pass filter. 

Assuming that, a parameter ^= Xdf, cp represents a phase difference, the OTF (Optical Transfer Function) charac- 
teristic which is obtained by adding phase data to MTF is represented by Equation (1) as follows: 

55 [Equation I] H(^) = (1/2-2^/A)[cos(2(p2^/A)+1 ] + (1/9)sin(2(p2^/A) 

(0<^<A/4) or 
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(24/A-1/2)cos<p - [sln{2(p{2^A-1/2))-2sinq))/(2<p) 
(A/4^^<A/2) 

Herein, assuming that n^ represents the refractive index of the subject side layer, n2 represents the refractive index 
of the image side layer, the phase difference cp is represented by (p=(27th/X)(ni-n2). Herein, by replacing N=(ni-n2) and 
A=47cdh/A, Equation I is represented by Equation It as follows: 

[Equation II] H(f) = (1/2-2dXt/A)[cos(2ANf)+1] + {X/27chN)sin(2ANf) 

{0<^<A/4) or 

(2dX,f/A-1/2)cos(27chN/X,)- {sin(2ANt-27chN/A.)-2sin(27chN/A.}/(47chN/X) 

(A/4<^<A/2) 

Herein, the OTPs in respect of the primaries R and B are obtained as follows: 

(i) In the range of (0^4^A/4). OTF(R) and OTF(B) are respectively represented by equations: 

Hp[(f) = [1/2-(2df/A)Xp][cos(2ANpf)+1] + 
(Xpj/27ihNf,)sin(2ANptf) 

HgCf) = [1/2-(2df/A)XB][cos(2ANBf)+1] + 
(XB/2nhNB)sin(2ANBf) 

The difference between OTF(R) and OTF(B) is accordingly represented as follows: 

HR{f)-HB(f) = 1/2[cos(2ANRf)-cos(2ANBf)] - 
{2df/A)({XpCOS(2ANRf)-XBCOS(2ANBf)}+ 
(^r-^b)I + (1/27ch)[(Xp/NR)sln(2ANf^f)- 
(XB/NB)sin(2ANBf)] 

The above equation is approximately developed as follow: 

HR(f)-HB(f) = (AfANR^{(4dfM)^-1}-NB^U4d.f/A)XB-1}] 
(0<^<A/4) 

(ii) in the range of (A/4<^<A/2), the difference between OTF(R) and OTF(B) is represented as follows: 

HR(f)-HB(f) = (nh)^ [(NRAR)^-{NBaB)^] + 
(2dt/A)(?.R-XB) " {4d\/A)(nhf[(N^/X^f - 
(NB/?^B)^]-(At/2nh)(?LR-XB) 
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(4df/A){(N„/Xn)2-(NB/XB)^}J 
* (A/4S^<A/2) 

In the range of when the condition of Hf,(f)=HB(f) is set, 

Hp(f)-HB(f) = 0 

Accordingly, Equation lit is obtained as follows; 

[Equation III] Np^{(4df/A)Xp-1}-NB^{(4df/A)XB-1 } = 0 
In the range of (A/4<^<A/2), when the condition of Hp,(f)=HB{f) is set» 

HR(f)-HBa) = 0 

25 

Accordingly, Equation IV is obtained as follows: 

[Equation IV] (Nr/Nq)^ = {>^^/^Q-{^/A)X^]/{X^/X^'(4cit/A)X^] 

30 

Fronn Equations III and !V, a graph showing the relationship between (Nfj/Nb)^ and d/A is depicted as shown in 
Fig. 4. 

Herein, the range to have a solution of the Equations HI and IV is obtained as follows: 

From the range of (A/4<^<A/2), when the range satisfies Equation IV, each value of X^, Xq is not limited to one 
35 point. Although the relation between the wavelength bands of R and B components is represented by A.r>A^. in the 
typical NTSC (National Television System Committee) color television, the wavelength bands of R and B have wide 
ranges. Therefore, when considering a visible region (350 nm to 700 nm), the available range is represented as follows: 

40 ""^^ < V^R < 2 

Accordingly, Equation 2 is obtained. From the graph shown in Fig. 4, by replacing fy=Xdlt in the range of (A/4<^<A/2) 
having a solution. Equation 3 can be obtained. 

Since the present embodiment takes advantage of the fact that distribution of the green wavelength band compo- , 
45 nents are the most. of all the wavelength bands, for example, in an ordinary single plate or single tube image pickup 
system and that a higher sampling frequency for the green wavelength band is used in comparison with the sampling 
frequencies for the red and blue wavelength bands, the cutoff frequency of the green wavelength band is set higher 
than those of the red and blue wavelength bands. Consequently, the green color components exist most to exert the 
greatest influence on determining the resolution when synthesizing a brightness signal as described above, and there- 
to fore the green wavelength band components can be effectively used. 

Accordingly, assuming that the refractive index n^jj of the layer on the side of the subject is 1.56907 with respect 
to D-lines, the Abbe's number vd of the foregoing is 71 .3, while the refractive index n2d of the layer on the side of the 
image surface is 1.56732 with respect to D-Iines, and that the Abbe's number vd of the foregoing is 42.8; MTF char- 
acteristic curves as shown in Fig. 5 are obtained on condition of Equations 3, 4 and 5 as follows: 

55 
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[Equation 5] 



_1_ J_ 
XR' XB 



where f represents the spatial cutoff frequency, XR represents the center wavelength of R band, XB represents the 
center wavelength of B band, d represents the distance from the phase-grating filter of the present invention to the 
image surface, A represents the pitch of the phase-grating filter of the present invention, NR represents the refractive 
index difference between the two layers at the center wavelength of R band, NB represents the refractive index differ- 

10 ence between the two layers at the center wavelength of B band, h represents the height of the trapezoid constituting 
the boundary surface between the two layers, and n represents the ratio of the circumference of a circle to its diameter. 
It is noted that no influence is exerted on the performance when changing the order of the two layers in the present 
embodiment. Moreover, it is noted that, in a wavelength-selective phase-grating optical low-pass filter of the present 
invention, the phase difference structure between the adjoining two layers may have an island-like form. 

15 Referring to Fig. 5. a one-dot chain line 1 3 indicates an MTF characteristic curve of the optical low-pass filter at a 

green wavelength band, a broken line 14 indicates an MTF characteristic curve at a red wavelength band, and a solid 
line 15 indicates an MTF characteristic curve at a blue wavelength band. On the other hand, fcR represents the cutoff 
frequency of the red wavelength band, and fcB represents the cutoff frequency of the blue wavelength band. As ap- 
parent from Fig. 5, the cutoff frequency of the green wavelength band is sufficiently high, while the cutoff frequencies 

20 of the red and blue wavelength bands have approximately the same spatial frequencies. 

Fig. 6 shows a modified example of a wavelength-selective phase-grating optical low-pass filter constructed of 
three layers in accordance with the present invention. In regard of two boundary surfaces of the abovennentioned tow- 
pass filter, a phase difference is generated unidimensionally in x direction as shown in Fig. 6 at a boundary surface 18 
between a upper layer 16 on the side of the subject and the next middle layer 17, while another phase difference is 

25 generated unidimensionally in y direction at a boundary surface 20 between a lower layer 1 9 on the side of the image 
surface and the middle layer 17. In this modified example, since the direction of the first phase difference section formed 
at the boundary 1 8 meets at right angles to the direction of the second phase difference section formed at the boundary 
20, therefore the wavelength-selective low-pass effect can be obtained with respect to the entire part of a two-dimen- 
sional image. 

30 Fig. 7 shows an exemplified optical system for obtaining a doubled horizontal resolution by employing the wave- 

length-selective phase-grating optical tow-pass filter of the embodiment of the present invention. In Fig. 7, reference 
numeral 30 denotes a lens system, and numeral 21 denotes an optical low-pass filter which has a low-pass effect in 
the vertical direction at a frequency one half of the Nyquist frequency of the solid-state image pickup element. Numeral 
22 denotes an optical low-pass filter which has a low-pass effect in the horizontal direction at the Nyquist frequency 

35 of the solid-state image pickup element. Numeral 23 denotes an infrared cut filter, and numeral 24 denotes a wave- 
length-selective phase-grating optical low-pass filter. It is noted that the vertical and horizontal optical low-pass filters 
21 and 22, infrared cut filter 23. and phase-grating optical low-pass filter 24 may be arranged in an arbitrary order and 
arbitrarily reversed. It is of course more effective to insert a wavelength plate before each optical low-pass filter. 

Numerals 25, 26, and 27 in Fig. 7 denote respectively a protection glass of a solid-state image pickup element, a 

40 pnmary color separation filter, and solid-state image pickup element. The optical system in the present embodiment 
has a wavelength selectivity only in the horizontal direction to enhance the resolution in the horizontal direction, white 
the wavelength-selective phase-grating optical low-pass filter has its low-pass effect only in the horizontal direction. 
The optical low-pass filters 21 and 22 are provided other than the wavelength-selective phase-grating optical low-pass 
filter for the purpose of reducing G color components passing in the horizontal direction without being influenced by 

45 the low-pass effect as well as high-frequency components in the vertical direction. It is noted that the horizontal and 
vertical resolutions can be enhanced by applying the wave length -selective phase-grating optical low-pass filter 24 two- 
dimensional ty. In constructing the present wavelength-selective phase-grating optical low-pass filter, it can be selected 
to use an adhesive, resin, or the like material as a filler 28 between two adjoining layers. 

Although the present invention has been fully described by way of example with reference to the accompanying 

50 drawings, it is to be noted here that various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless otherwise such changes and modifications depart from the scope of the present invention as defined 
by the appended claims, they should be construed as included therein. 



55 Claims 



An optical system comprising a single-tube colour video camera or a colour video camera employing a solid-state 
image sensor, having a colour separation filter and a wavelength-selective phase-grating optical low-pass filter 
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composed of at least first and second layers made of different materials stacked to each oth r in a form for gen- 
erating a phase diflerenc distribution at the boundary surface between said at least two layers, said wavelength- 
selective phase-grating optical low-pass fitter having different optical low-pass filter ffects in different wavelength 
bands by satisfying th conditions: 

(1 ) the refractive indexes (N1 , N2) of the adjoining two materials of said at least two layers satisfy at a wave- 
length X: 

N1 (A.) = N2 {X) 

and 

vdl < vd2 or vdl > vd2 

provided that X is 470 nm < X < 580 nm where N1 {X) is the refractive index at the wavelength X of the first 
layer of the adjoining layers, and N2 (X) is the refractive index at the wavelength X of the second layer of the 
adjoining layers, and vd1 and vd2 are the Abbe's numbers of the first and second layers; and 

(2) the boundary surface between the adjoining two layers has a phase difference structure in a trapezoid form 
having the parameters: 

0.1 <a/A <0.9, 

Jl AfXRd 2 4rXRd 
2" A NR.2 A 

^ AfXBd ^ ^NB^ ^ 4fXBd 

2* A A 

0.1 <b/A <0.9, 

where A represents the phase grating cycle pitch, f represents the spatial cutoff frequency, a represents the 
width of the top flat portion of the trapezoid, b represents the width of the bottom flat portion of the trapezoid, 
d represents a distance between the phase-grating filter and the image surface on said image sensor, >JS 
represents a representative wavelength of the red color wavelength band, XB represents a representative 
wavelength of the blue color wavelength band, NR represents the refractive index difference between the 
adjoining two layers at the representative wavelength of red color wavelength band, and NB represents the 
refractive index difference between the adjoining two layers at the representative wavelength of blue color 
wavelength band. 

2. The wavelength -selective phase-grating optical low-pass filter as claimed in Claim 1 , wherein the phase difference 
structure between the adjoining two layers has an island-like form. 

3. The wavelength-selective phase-grating optical low-pass filter as claimed in Claim 1, wherein three layers are 
provided to tomri at least two boundary surfaces and wherein the three layers have therebetween two phase dif- 
ference structures arranged perpendicular to each other in a check-like form to obtain a two-dimensional wave- 
length-selective optical low-pass effect. 

4. The wavelength-selective phase-grating optical low-pass filter as claimed in Claim 1 , wherein the boundary surface 
between the adjoining two layers is filled with an adhesive resin materia! to connect the two layers. 



PatentansprQche 

1 . Optisches System mit einer Farbvideokamera mit etner einzelnen Rohre Oder mit einer Farbvideokamera mit einem 
Festkorperbildsensor, mit einem Farbtrennfilter und einem wellenlangen-selekliven, optischen Phasengitter-Tief- 
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pa3filter, aufgebaut aus mind st ns ersten und zweiten Schichten, die aus verschiedenen Materialien hergestellt 
sind, in einer Form aufeinandergestap It, um eine Phasendrfferenzverteilung an der Grenzoberflache zwischen 
den mindestens zwei Schichten zu erzeug n, wobei der wellenlang n-selektive, optische Phasengitter- 
Tiefpa^tilter unterschiedliche optische Tiefpa3filterwirkungen in verschiedenen Wellenlangen-Bandem aufweist, 
indem er die Bedingungen erfulit: 

(1) Die Brechungsindizes (N1, N2) der aneinandergrenzenden, beiden Materialien der mindestens zwei 
Schichten erf Ollen bei einer Welleniange X: 

N1 (X) = N2 (X) 

und 

vdl < vd2 Oder vd1 > vd2 

unter der Voraussetzung, daQ 470 nm < A. < 580 nm, wobei N1 (X) der Brechungsindex bei der Welleniange 
X der ersten Schicht der aneinandergrenzenden Schichten ist und N1 (A.) der Brechungsindex bei der Wellen- 
iange X der zweiten Schicht der aneinandergrenzenden Schichten ist, und vd1 und vd2 die Abbeschen Zahlen 
der ersten und zweiten Schichten sind; und 

(2) die Grenzoberflache zwischen den benachbarten beiden Schichten waist eine Phasendtfferenzstruktur mit 
einer Trapezform auf , mit den Parametern: 

0.1 < a/A <0.9, 

1 AfXRd 2 

2 A A 

1 AfkBd ^ ^NB^ . AfXBd 
2" A A 

0.1 <b/A <0.9, 

wobei A den Phasengitterzyklusabstand darstellt, Idle ortliche Abschneidefrequenz darstellt, a die Breitedes 
obersten, flachen Abschnittes des Trapezoids darstellt, b die Breite des untersten, flachen Abschnittes des 
Trapezoids darstellt, d einen Abstand zwischen dem Phasengitterf liter und der Bildoberflache auf dem Bi Id- 
sensor darstellt, XR eine reprasentattve Welleniange des rotfarbigen Wellenlangenbandes darstellt. XB eine 
reprasentative Welleniange des blaufarbigen Wellenlangenbandes darstellt, NR den Brechungsindexunter- 
schled zwischen den benachbarten beiden Schichten bet der reprasentativen Welleniange des rotfarbigen 
Wellenlangenbandes darstellt, und NB den Brechungsindexunterschied zwischen den benachbarten beiden 
Schichten bei der reprasentativen Welleniange des blaufarbigen Wellenlangenbandes darstellt. 

Wellenlangen-selektiver, optischer Phasengltter-Tiefpa3f liter nach Anspruch 1 , wobei die Phasendifferenzstruktur 
zwischen den benachbarten beiden Schichten eine inselartige Form aufweist, 

Wellenlangen-selektiver, optischer Phasengitter-Tiefpa3filter nach Anspruch 1, wobei drei Schichten vorgesehen 
sind, um mindestens zwei Grenzoberflachen zu bilden, urid wobei die drei Schichten zwischen sich zwei Phasen- 
differenzstrukturen aufweisen, die senkrecht zuetnander in einer karoartigen Form angeordnet sind, um einen 
zweidimensionalen, wellenlangen-selektiven, optischen TiefpaReffekt zu erhalten. 

Wellenlangen-selektiver, optischer Phasengitter-TtefpaGfilter nach Anspruch 1, wobei die Grenzoberflache zwi- 
schen den benachbarten beiden Schichten mit etnem adhasiven Harzmaterial gefullt ist, um die beiden Schichten 
zu verbinden. 
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Rev ndlcations 

1 . Syst^me optlque comprenant une camdra vid6o couleur monotube ou une camera v[d6o couleur utilisant un cap- 
teur d'image 6 semiconducteurs, comportant un flltre de s6paration de couleur t 

un f litre optique passe-bas k r^seau d phase sdlectif en longueur d'onde composd d'au moins une prenni6re 
et une seconde couches faites de mat6riaux diffdrents empildes I'une sur I'autre suivant une forme destin^e ^ 
g^n^rer une distribution d difference de phase au niveau de la surface limite entre lesdites au nnoins deux couches, 
ledit tiltre optique passe-bas k r6seau de phase s6lectif en longueur d'onde pr6sentant des effets drff6rents de 
fittre optique passe-bas dans des bandes diffdrentes de longueur d'onde, en satisfaisant les conditions : 

(1 ) les indices de refraction (N1 , N2) des deux materiaux adjacents desdites au moins deux couches satisfont, 
pour une longueur d'onde X : 

N1 (X) = N2 (X) 

et 

vdl < vd2 ou vd1 > vd2 

tant que X vaut 470 nm < \ < 580 nm 

oQ N1 (X) est rindice de refraction pour la longueur d'onde Xde la premiere couche des couches adjacentes, 
et N2 (X) est I'indice de refraction pour la longueur d'onde X de ta seconde couche des couches adjacentes, 
et vdl et vdi2 sonl les nombres d'Abbe des premiere et seconde couches, et 

(2) la surface limite entre les deux couches adjacentes presente une structure k difference de phase d'une 
forme trap6zoTdale pr6sentant les paramdtres : 

0.1 < a/A <0.9, 

1 4fXRd p 4fXRd 

2" A fNOY A 
1 4fXBd ^ VNb) ^ 4fXBd 
2' A A 

0,1 < b/A < 0,9, 

ou A represente ta periode du rSseau de phase, f represente la frequence de coupure spatiale, a represente 
la largeur de la partiesuperieure plate de la forme trapezotdale, b represente la largeur de la partie inferieure 
plate de la forme trapezoTdale, d represente la distance entre le filtre k reseau de phase et ia surface de 
formation d'image sur ledit capteur d'image, XR represente une longueur d'onde representative de la bande 
de longueur d'onde de la couleur rouge, XB represente la longueur d'onde representative de la bande de 
longueur d'onde de la couleur bleue, NR represente la difference d'indice de refraction entre les deux couches 
adjacentes pour la longueur d'onde representative de la bande de longueur d'onde de la couleur rouge, et NB 
represente la difference d'indice de refraction entre les deux couches adjacentes pour la longueur d'onde 
representative de la bande de longueur d'onde de la couleur bleue. 

2. Filtre optique passe-bas 6 r6seau de phase seiectif en longueur d'onde selon la revendication 1, dans lequel ia 
structure 6 difference de phase entre les deux couches adjacentes presente une forme du type Tlot. 

3. Filtre optique passe-bas & reseau de phase s6lectif en longueur d'onde selon la revendication 1 , dans lequel trols 
couches sont pr6vues afin de former au moins deux surfaces Itmites, et dans lequel les trois couches comportent 
entre celles-ci deux structures a difference de phase disposees perpendiculairement Tune A i'autre suivant une 
forme quadriliee afin d'obtenir un effet bidimensionnel de filtre optique passe-bas s6lectif en longueur d'onde. 
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Fittre optique passe-bas ^ rdseau de phase sdlectif en longueur d'onde seion la revendication 1, dans lequet la 
surface limit ntre les deux couches adjacentes est enduite d'un matdriau de r^sine adhesive destind ^ tier les 
deux couches. 
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Fig. 1 
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Fig. 2 




Fig, 3 
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Fig. 5 
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Fig. 6 
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